Determination of ionization state by resonance Raman spectroscopy Sulfonamide binding to carbonic anhydrase.
Resonance Raman (RR) spectroscopy has been used to study the ionization state of the sulfonamide, 4'-sulfamylphenyl-2-azo-7-acetamido-1-hydroxynaphthalene-3,-6-disulfonate (Neoprontosil), bound to carbonic anhydrase. The correlation of effects of pH and deuteration on the spectra of model compounds with these effects on the Neoprotosil spectrum allows us to assign spectral bands in the 900-1000 and 100-1200 cm-1 regions to the SO2NH2 group. Large shifts in these bands occur upon ionization of the sulfonamide. On the basis of the positions of bands in the enzyme complex, it was determined that the sulfonamide was bound to the enzyme as SO2NH2, rather than as SO2NH-. Rates of association and dissociation and the dissociation equilibrium constant were measured as a function of pH. The rate behavior for Neoprontosil is consistent with that observed for other sulfonamides and kdissoc/kassoc = kdissoc, suggesting a one-step binding mechanism. Since RR spectroscopy establishes that the final ionization state of the sulfonamide in the enzyme complex is SO2NH2, protonated sulfonamide must bind directly to basic form of the enzyme. These conclusions suggest that sulfonamides form "outer-space" complexes with metal at the enzyme active site.